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(57) Abstract: A process for producing an optically active amine compound (IV), characterized in that nucleophilic addition of 
nucleophilic agent (HI) to imine compound (II) is carried out in the presence of asymmetric urea compound (I). An advantageous 
process for producing an optically active amine compound is provided through the development of an asymmetric nucleophilic ad- 
dition reaction to imine compound using a nonmetallic asymmetric catalyst whose burden on environment is slight. (I)-(IV) wherein 
X is an oxygen atom or sulfur atom; C* etc. are each an asymmetric carbon; each of R l and R 2 is a lower alkyl, etc.; R 4 and R 5 may 
cooperate with each other to form cyclohexane, etc.; R 3 is a substituted or unsubstituted aryl, etc.; each of R 6 and R 7 is a hydrogen 
atom, etc.; each of R 8 and R 9 is a substituted or unsubstituted aryl, etc.; R 10 is -P(=0)R l5 R 16 (wherein each of the marks is a subsU- 
tuted or unsubstituted aryl, etc.), etc.; and Nu is -C(N0 2 )R 27 R 2S (wherein each of the marks is a hydrogen atom, etc.), etc. 
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y # y/U7J 7A^PVf^77^- 33 V ^SHftEHK LT ^ <t V \ 

r^J: p^UT^miHjiR^tLfc^m^b^ (i) fix *»W©»i*ifeK 

15 TOJffi-rsr tasT?#s 0 -r^t>*>. (i) ts^js-e 

20 %2pm&7%^tt&m (IV) <Z>— #|j-efc5 (S) -N- (1 -Z7 ^=./V-2-=. 
hPxf/l') — P, P — i? ~7 ol =^ /Vft; 7. 7 4 yj^ Kfi„ Chemistry Letters, 

20 0 2^, ^3it, fgS^fBit&^jfefciJ:^ « -^f^ KS3£#fM&3[g 

Tr£>5 ICI-199441 luiifSr k&X%Z> 0 

25 tb<&«i«fei J- J: o Tj^it-T -5 r £#-e££„ 
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(I) 



C£*t. (v) ^t>v>5o 3 ^ (vi)T^$n-5-r y v-t^ 

1 ^V^, ffc^ (V) KXTf^ y v-T*- hgt (VI)<D^B)l|Sff^# 

$$J?fei t^ffl$ix^-r yv'T^— (vi) <£>teffl#te, -ffc-g-W (v) 



o h/i,x^f©ysp^^^ y^/W- t e r t -y^vwt— 7VK 1, 2- 



iMffiit Ltli N fc&M (V) lkgl^LTMlL-lOOL-Cfc 

mm i tf>sjM£tt\ iism- 7 8<c~ 1 0 ottfcs^, ot~4ow 
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mxhz>„ 

m&l (Dm&XlbZlt'ir® (V) (i s (#J?Ltf. Tetrahedron, 

57, 1765-1769(2001) IC|5^<^^) ^ t Z> 0 m^LVf. *%£W(D 

10 l&mteimiXtbZ. —f&& (Va) : 



(SSI 3 . #l2^-«Ht/l5i [RiaSr^i-o ) T^^ttSfc-S^te, Tetrahedron 
Letters, 41, 8431-8434(2000) {Z.^M.CD^m^XWk'i' ^ ^ i: ^"C# 5. 

m& i <DttL<omMx yisT*— hm (vi) fi, (M%.t£* 

15 Eur. J. Org. Chem. , 3004-3014(2002) ^IS^O^jfe) «t t) . R 3 -NH 2 (r 
Tetrahedron, 1991, 47, 5561-5568 Kf£ic<£>#&^K:t/£l\ TIB— (VII) 

20 xm£tiZ*^#—Mk&Vo (£*T\ *^i?»~M\L / &m (VII) irtV^9o ) £ 
TiB-^it (VIII) xm&thZik&W) (£IT> -f^#7 (Vlil) irfcv^o ) 




(Va) 
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,8 




+ 
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(VII) 



(VIII) 



(II) 



^/c, 4 5 >it^fy> (II) te. J. Org. Chem., 1994, 59, 1238-1240 ^fctt 
Chem. Eur. J. , 1997, 3, 1691-1709 (C|2«c0^3£^^V^ x *t >Vi£^;\s\t^6to 
(VII) (VIII) i^yf y^;l/7^ ytt M; ^A^, =¥&CD#:gE 

tkuxjes-s-c. Tie— di' ) -e^sixs-ft^S:^, y 
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(5£«K #fB-^«Hul5i!lR)^^-r o ) 

*>vif^)V\\c^m (VII) bik&m (vili) miSp n p^ LTA^"5Tt6T^-5, 

^K<^3ftT'fc5#l£f*Mi (III) ft N ^ftjtf);^ flUfctf, Tetrahedron 
Letters, 39, 8013-8016(1998), Bull. Chem. Soc. Jpn. , 61, 4029-4035(1988) 
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Sti&ftl 1 A 

(R, R) - t r a n s - 1 - [3, 5 - If * ( MJ 
/V ] _3_ [ 2 - (N, N-^W?;) v-^a^^riX/W] ^-^^i 



7^-K6 0 5mg, 2. 2 3mmo D©Sifh7t KP77^i (l. 
Oml) K (R, R) - trans-N, 2-i?7$;^ 
n^drf-X (317mg, 2. 23mmol) ^r^P Lfc Ki&Zl'S^SrSiSL-e 

y=100/5/l) KTflHRU *I^^efe7^7 7^W@f (5 9 
7 m g , IR* 6 5 %) t UT#fc„ 
[a] D 16 -32. 7 (cO. 99, CHC1 3 ); 
15 'H-NMR (500MHz, DMS0-d 6 ) 8 : 10.0(s, 1H), 8.21(s, 1H), 8. 17 (s, 2H), 7.66(s, 
1H), 4.09(brs, 1H), 2.54(brs, 1H), 2.21(s, 7H), 1.82(brs, 1H), 1.74(brs, 
1H), 1.63(brd, J=11.0Hz, 1H), 1.31-1. 01 (m, 4H) ppm; 

,3 C-NMR (126MHz, DMS0-d 6 ) 6 : 178.6, 142.0, 130.8, 130.5, 130.3, 130.0, 
126.5, 124.3, 122.2, 120.9, 120.0, 115.3, 65.0, 55.3, 45.7, 31.6, 24.6, 
20 24. 5, 21. 0 ppm ; 

IR(CHC1 3 ) v: 3402, 3200, 2942, 2865, 1528, 1469, 1383, 1278 cm- 1 ; 

MS (FAB + ) : 414 (MH\ 100) ; 

Ttmfttif. H"^fi£(for C 17 H 21 F 6 N 3 S): C, 49.39; H, 5.12; N, 10.16; F, 27.57. 
##HH : C, 49.36; H, 5.28; N, 10.11; F, 27.71. 

25 w&m 1 B 
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(R, R) — trans — 1— [3, 5 — If * ( h V ~7 ;V u * J- >V) 
- 3- [2- (N, N-v^^vWT^ y) i/^P^i//W] 




5 — b (0. 26ml, 1. 5mmo 1 ) Offci^Vif >- 



( 0 . 60ml) |; 



(R, R) - trans— N, 2 — S?7 ^ / n-^iJ-^ 

(213mg, 1. 5mmol) Sr&S^n b^c 0 Rj^iE^Sr^jat? 1 U 

— (CHCl 3 /MeOH=20/l-7/l) KTflfKU ^MikS-®* 

10 Sfe7^7 7^<^B^i; LT#fc 0 

[a] D 25 -3 5. 3 (cO. 93, CHC1 3 ) ; 
■H-NMR (500MHz, DMS0-d 6 ) 6 : 9.39 (s, 1H), 8.02(s, 2H), 7. 51 (s, 1H), 6. 21 (d, 
J=5. 5Hz, 1H), 3. 35(ddd, J=15.2, 10.5, 4. 3Hz, 1H), 2. 28 (dt, J=3. 1, 10. 2Hz, 
1H), 2. 18(brs, 1H), 2. 15(s, 6H), 1.85-1. 66 (■, 2H), 1.63-1. 52 (m, 1H), 

15 1.31-0. 96 (m, 4H) ppm; 

,3 C-NMR (126MHz, DMS0-d 6 ) 6 : 154.9, 142. 9, 131.3, 131.1, 130.8, 130.5, 
126.9, 124.7, 122.5, 120.4, 117.12, 117.09, 113.4, 113.3, 65.6, 50.9, 
39. 9, 33. 2, 24. 9, 24. 5, 21. 4 ppm; 

IR (CHC1 3 ) v : 3424, 3332, 2939, 2864, 2792, 1695, 1549, 1473 cm" 1 ; 
20 MS (FAB + ): 398 (MH + , 100); 

7C^f##f. ftW-U (for C 17 H 21 F 6 N 3 0) : C, 51.38; H, 5.33; N, 10.57; F, 28.69. 
##lMK: C, 51.30; H, 5.22; N, 10.58; F, 28.46. 
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P, P->?7s=;l/*7 7^>'7^ K (0. 2 2g, 1. 0 mm o 1 ) SrAPifc 
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Uc2 5ml«MftuAil, ^t^^U^ (4. 4ml) Ti£#?Lfc 0 
©Sfttv ^yX7^rt K (0. 2 0ml, 2. 0 mm o 1 ) t h V ^^Vl^T 
(0. 42ml, 3. Ommol) ig'*M$J<S:2Mc»fcT?'& 
£PLfc 0 E^te^^^^V^^ (1. 0M, 0. 55ml) 

#U OV^h/Hy (^2 0ml) T^ffirfRLfc. ii^200ml©77^ 
^l-#U S&fclb^^J' (Hl70ml) -e#3^bfc 0 !K»4fe«r-fe9W h £i! L 

io KiT8fc*u f^tifcSM^^^d^ff^L-c, mmik&vo&mti (o. 

2 6 g. IR^8 5%) o : 1 4 1 -1 4 2 *C (^O"^^) 0 

'H-NMR (CDC1 3 ) 6 : 7. 41-7. 54 (8H, m), 7. 59 (1H, t, J=7. 2Hz), 7.95(4H, dd, 
J=8.2, 11.9Hz), 8. 02 (2H, d, J=7.6Hz), 9.33(1H, d, J=32. 4Hz) ppm; 
IR(film) v : 3060, 1640, 1600, 1500, 1220 cm -1 ; 
15 MS(m/z): 297 (if, 69), 201 (100), 154(7), 125(18), 96(76), 77(58). 

»J 3 — 9 



S5sM3 : N- (4-^f/^yv?!lr>) -P, P-v?7x=;^7^y7 
S K 

20 Mja0IJ4:N- (4-^nnKyi;!lfy) - p, p - z^z^/Vfc^ 7 4 yT 
% K 

UgattfiJ 5 : N - ( 2 -^"17^/1^ 1^>0 -P, P-^7i=;^7^y7^ 
K 



g[j£fli]6:N- (2 -7;l/7 y 7^) -P, P-77i=;^7>f F 
25 igi£0ij7:N- (2-t°y ^/U^^-V^) -P, P-v?7s^77-{y7 



"ittfijSrN- ( 2 — ^zc^A-^ ^ u >-) -p, P-i/7x=;l/*77^ ^7 5 
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m&m i o 

tert— •f'f-fV N-^i/Df^W-h 

t e r t — Zf^-tViJfV^^ — K (10. Og, 8 5. 5 mm o 1 ) t^<>"^> 
^^7^y^th^^ (28g, 17 0mmol) <D * * J — JV/-fcMMWL 

(1/2, 2 5 OmL) (C-O'XT^x t K ( 1 3. OmL, 128mmol) 
^Sf (9 8% 6. 4mL) ^^ftl-^M, 4 8 NfP^^ Lfc e 

(2 3. 6g, 8 0%) 0 
«ffiT, MfmM\.1ttei&mBL* V 9 A (12. 4g. 90. Ommol) t 
mTkmm-ThVVJ* (15g) ©jft-g-fefc:, JbiBflXSdl (5. 2g, 15mmo 
1) h^t KD77 V (14 OmL) ^Px., S^H^TAOUft^ L 

^m^^j^u^m^ t Lttfc (3. 0 7 g , nwi 0 0%) „ 

'H-NMR (400MHz, CDC1 3 ) 6 : 8.88(1H, s), 7. 93-7. 90 (2H, m, ArH) , 7. 57-7. 54 (1H, 
m, ArH), 7. 49-7. 43 (2H, m, ArH), 1.59(9H, s, C(CH 3 ) 3 ) ppm; 
,3 C-NMR(100MHz, CDC1 3 ) 169.7, 162.6, 134.0, 133.5, 130.2, 128.8, 82.3, 27. 
9 ppm; 

IR(thin film) v : 2980, 1717, 1633, 1270, 1152 cm -1 ; 
MS(AP, m/z): 206 (M + ). 

mmm 1 

(S) -N- ( 1 - !7 a — A— 2 - — hu ^^/U) - P, P — i?7*^/UfcXZ7 

N-^i?!)f^-P, P-i?7i=;^7^y7U' (6 1. 1 mg, 
O . 2 Omm ol) t (R, R) — trans — 1— [3, 5 — If* ( h y Z? ;V 
* ~7 a^~)V~\ -3 - [2- (N, N — S^^vl^T^ /) 

/!"] f- -*WM (8 . 3mg, 0. 0 2mmol) (Di&it* f- Ul/^fc (0. 40 
ml) jRi^ b <t ^ ?> =. ha^^y (0. 11ml, 2. 0 Ommo 1 ) &m 
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0/1) tlftML, m.mit^®)<DU&%ntz. (6 3. 7mg, 1|X^8 7%) 0 IR 
m t yt^m&£%: 1 ^i~o 1 97-1 98*C (;? n n n -^3rU- 

» o 

HPLCM^# : 

*7^: *9/HrA' OD-H -fe/Wfe^tti*) , ^U)fB : n-^^i*-^/ 

/U=9 0/10, mm : 1 . 0 ml tftffi : * = 2 5 4 n 

m, tfknmffl: (S) Mteft: (^tr— ; 13. 9 ^ (R) m&ft ; 2 1. 
9 ft. 

[a] D 28 + 3 3. 2 (cO. 90, CHC1 3 ); 
'H-NMR (500MHz, CDC1 3 ) 6 : 7. 93-7. 67 (m, 4H), 7.59-7. 10 (m, 11H), 4. 97-4. 77 (m, 
3H), 4. 36 (dd, J=8. 2, 7.3 Hz, 1H) ppm; 

13 C-NMR (126MHz, CDC1 3 ) 8 : 138.04, 137.99, 132.44, 132.36, 132.3, 131.8, 
131.7, 131.3,130.8, 129.1, 128.7, 128.6, 128.5, 126.4, 80.8, 80.7, 53.3, 
53. 2 ppm; 

IR(CHCl 3 )v: 3371, 3063, 3034, 2991, 1555cm" 1 ; 
MS (FAB + ) : 367(MH\ 76), 154(100); 

HRMS(FAB + )ff^t[C 20 H 2o N 2 0 3 P] + : 367.1211; ##Ht: 367.1210. 

mmm 2 

(S) -N- [1- (4 - *^-}Vy -2-— Fnxf;U] -p, P ->? 

-^f/^y^!)7^) -P, P-^7x^;i/^77^y7$ K^ffiv^crt^ 

4 2- 1 4 3t: (i7 d a^/l^^/Zn-^drf-^) „ 
HPLCM^# : 

*7A: OD-H (y^-t/Htmtm , ®Wfc : n-^*c^l// 
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2 -yp/V-/V= 90/10, ffim : 1 . 0 ml /ft, tfeffi : A = 2 5 4 n 
m, &Wmm : (S) (£fc°— ; 1 4 . 2 (R) ^<|<fe# ; 19. 

0 ft. 

[a] D 30 + 8 7. 3 (cl. 13, CHC1 3 ); 
5 'H-NMR (500MHz, DMS0-d 6 ) 8 : 7. 81-7. 59 (m, 4H), 7. 59-7. 35 (m, 6H), 
7.2i(d,J=7.9 Hz, 2H), 7. 11 (d, J=7. 9Hz, 2H), 6.26 (t, J=10. OHz, 1H), 4.87 
(dd, J=8. 9, 12.2Hz, 1H), 4. 79 (dd, J=6. 1, 12. 2Hz, 1H), 4.64(dt, J=17. 4, 
8. 7Hz, 1H), 2.26 (s, 3H) ppm; 

13 C-NMR(126MHz, DMSO-d 6 ) 5 : 137.1, 136.60, 136. 57, 133. 8, 133.6, 132.8, 
10 132.6, 131.81, 131.78, 131.74, 131.71, 131.67, 131.6, 129.0, 128.52, 
128. 45, 128. 43, 128. 35, 126. 8, 80. 9, 80. 8, 53. 2, 20. 6 ppm; 
IR(CHCl 3 )v: 3371, 2992, 1555 cm-'; 
MS (FAB + ) : 381 (MH\ 100); 

HRMS (FAB + ) wY%1fc[C 2l HJi 2 0 3 Py: 381.1368; rfrflHtt: 381.1374. 
15 HM||3 

(S) — N — [1- (4 - ^ a a ~7 -2-=hnif;l/] - P, P — v 5 

MMl 6 9-1 7 1*C (? ci n*/l^/n — #1^) „ 
HPLC^ft : 

*7A: OD-H (^V -te;Ht¥ttM) , S®>*B : n -^'frlH'/ 

^ * / — /U= 9 7/3, MM : 1 • 0 ml &£ti : * = 2 5 4 n m, 

25 m$ : (S) ^ttfr (^fc 0 -^) ; 2 3. 9 ft, (R) Iftf; 2 6. 3 ft. 
[a] D 29 +4 6. 6 (cl. 01, CHC1 3 ); 
'H-NMR (500MHz, CDC1 3 ) 6 : 7. 89-7. 71 (m, 4H), 7. 56-7. 49 (m, 2H), 7.48-7. 38 (m, 
4H), 7.31(d, J=8.6Hz, 2H), 7. 24 (d, J=8. 6Hz, 2H), 4.93-4.76 (m, 3H), 
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4. 32-4. 16 (m, 1H) ppm; 

13 C-NMR (126MHz, CDC1 3 ) 8 : 136.5, 136.4, 134.5, 132.44, 132.35, 132.3, 
132.1, 131.8, 131.7, 131.6, 131.0, 130.6, 129.3, 128.8, 128.7, 127.8, 
80. 58, 80. 56, 52. 7 ppm; 
5 IR(CHC1 3 ) v : 3370, 2992, 1556 cm" 1 ; 
MS (FAB*) : 401 (MIT, 44); 

5c^##f. ttW-W (for C 20 H 18 C1N 2 0 3 P) : C, 59.93; H, 4.53; N, 6.99; CI, 8.85; 
P, 7.73. ^flf-fit: C, 59.64; H, 4.63; N, 6.97; CI, 8.78; P, 7.47. 

mmm4 

10 (S) — N— [1- ( 2 —T^^JV) -2-=hoxf/P] - P, P-v?;7^~ 



-p, p— i?-7 =c~/V7fr7.7 j yr^ v&mi^tc-zbsift 

15 I19 1-19 3t (^po*/^) . 
HPLC«# : 

*7A: od-h (y^-tjHtmtm) , n-^^f-^/ 

2 -7>n/-?/—/l^= 90/1 0, mm : 1 . 0 ml ^f±J : X = 2 5 4 n 

m, iS«pl^K : (S) (^t°— ^) ; 2 6. 0 ^ (R) m&ft ; 3 2. 

20 3 

[a] D 30 +5 6. 6 (cO. 47, Me OH) ; 
'H-NMR (500MHz, CDC1 3 ) 5 : 7. 96-7. 76 (m, 7H) , 7. 73 (s, 1H) , 7. 59-7. 32 (m, 
9H), 5.13-4.88 (m, 3H), 4. 22-4. 14 (m, 1H) ppm; 

,3 C-NMR (126MHz, CDC1 3 ) 6 : 137.04, 137.02, 133.9, 133.5, 132.8, 132. 7, 
25 132.5, 131.9, 131.84, 131.77, 131.7, 131.6, 128.6, 128.5, 128.4, 128.34, 
128.25, 127.9, 127.6, 126.4, 126.3, 125.8, 124.8, 80.8, 80.7, 53. 7 ppm; 
IR(CHCl 3 )v: 3360, 3060, 1555 cm -1 ; 
MS (FAB + ) : 417 (MH\ 47); 
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HRMS (FAB + ) H-^Lfi£[C 24 H 22 N 2 0 3 P] + : 417.1368; 5>tffffi: 417.1373. 

mmm 5 

(S) -N- [1— (2-7U/V) - 2 — = h ua^/p] — P, P - 9 J7 zc~jV 
5 N ^i/yf>-P, P-:/7x=/^77^ 77^ K<£>ftfc> 9 UlN- (2 

-7/i/7yfy) -p, p - e?7 1 ^/w* ^ 7 ^ y 7 5 F $rffl ^fc : i: 

3 7-1 38t n a^/PA/n-^^-^^) „ 

10 13=7 J* \ ^f7^t;V OD-H (y4±Mt^±m) , ^Sb*B : n-— 

2-/a/V-;P=9 0/10, ffi.M : i. 0 ml : A. = 2 5 4 n 

m, : (S) ^tt^ (3£fc°-^) ; 12. 5 ^ (R) ; 18. 

1 ft. 

Ca] D 29 +41. 8 (cO. 98, CHC1 3 ); 

15 'H-NMR (500MHz, CDC1 3 ) 8 : 7. 91 (dd, J=8. 2, 12. 2Hz, 2H), 7.84(dd, J=8. 4, 
12.4Hz, 2H), 7.59-7.51 (m, 2H), 7. 51-7. 43 (m, 4H), 7. 40-7. 31 (m, 1H), 
6.41-6. 29 (m, 2H), 5. 05-4. 82 (m, 3H), 3.87(dd, J=7. 9, 1. 6Hz, 1H) ppm; 
,3 C-NMR (126MHz, CDC1 3 ) 8 : 150.7, 150.6, 142.8, 132.41, 132.38, 132.3, 
132.1, 131.8, 131.7, 131.6, 131.1, 130.6, 128.82, 128.75, 128.71, 128.65, 

20 110.7, 108.2, 78.4, 78.3, 47. 7 ppm; 
IR(CHCl 3 )v: 3376, 2992, 1557 cnf 1 ; 
MS (FAB + ) : 357 (MH\ 83), 154(100); 

TiBftffi. tf^Lflt (for C 18 H 17 C1N 2 0 4 P) : C, 60.68; H, 4.81; N, 7.86; P, 8.69. 
##Hi£: C, 60.84; H, 4.85; N, 7.70; P, 8.96. 

25 mtf&m 6 

(S) -N- [1- ( 2 - fc° VVV) - 2 -=- h P xf ;U] - P, V —^T 

N-^Uf^-P, P-v 5 7x-;l/^^7 4 IsT ^ Ktf>ft:fc> 9 l-N - (2 
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- fc° y ^ >-) -P, P-i?7x=/i/*7 7>fy7$ K^I^fcr kSXft 

,^1 6 4-1 6 6'C n d/Jx/i^A/n — ^^f-lJ-^) 0 
HPLC«# : 

5 : dr^/Hr/I^ OD-H ir/Wb^ttg!) , ^S)*B : n-^^1?-^ / / 



^ y — /U= 9 5/5, 



: 1 . 0 ml /ft, tfilii : X = 2 5 4 n m, 



B*IH : (S) Mtttt (^t°-^) ; 3 7. 8 ft, (R) »;46. 9 

Ca] D 27 + 3 3. 5 (cO. 8 2, CHC1 3 ); 
'H-NMR (500MHz, CDC1 3 ) 6 : 8.54(d, J=4. 0Hz, 1H), 7. 96-7. 75 (m, 4H), 7.69 (dt, 
10 J=l. 7, 7.7Hz, 1H), 7. 61-7. 34 (m, 7H), 7.24(dd, J=4. 9, 6. 7Hz, 1H), 5. 10 (dd, 
J=4. 9, 12.5Hz, 1H), 4. 98-4. 82 (m, 2H), 4.43(t, J=8. 5Hz, 1H) ppm; 
13 C-NMR (126MHz, CDC1 3 ) S : 156.8, 156.7, 149.4, 137.2, 132.3, 132.23, 132.20, 
132. 15, 132. 1, 132. 0, 131. 8, 131. 7, 131. 2, 130. 9, 128. 7, 128. 58, 128. 57, 

i 

23.3, 122.3, 79.41, 79.38, 53.3 ppm; 
15 IR(CHCl 3 )v: 3363, 3061, 2991, 1592, 1554 cm' 1 ; 
MS (FAB + ) : 368 (MH\ 100) ; 

TtBftVr. (for C, 9 H 18 N 3 0 3 P) : C, 62.12; H, 4.94; N, 11.44; P, 8.43. 

ftVtife: C, 61.82; H, 4.95; N, 11.29; P, 8.17. 

20 (S) -N- [1- (4 A-) -2-=Faif/V] -p, P-v?;/^- 

25 ^17 1-17 2t (^on^Vn-^fy) 0 
HPLCM^ : 

*7^: ^7/Ut;W OD-H (*V -feyHk^ttfii) . #Sb4B : n =¥^>-/ 
2-^0^7-/1^=9 0/10, ffiM :1.0m 1 /ft, tk\tt : i = 2 5 4n 
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m, ffcJfB#ra : (S) m&ft ; 1 2 . 8 (R) ; 2 5 

O ft. 

Ca] D 25 +21. 1 (cl. 16, CHC1 3 ); 
'H-NMR (500MHz, CDC1 3 ) 6 : 7. 91 (dd, J=7. 2, 12. 1Hz, 2H), 7.85(dd, J=7. 6, 
11.6Hz, 2H), 7. 52 (t, J=7. 5Hz, 2H), 7. 48-7. 39 (m, 4H), 7. 32-7. 21 (m, 1H), 
7. 02-6. 89 (m, 2H) , 5. 15-4. 88 (m, 3H), 4. 39 (dd, J=6. 4, 10. 7Hz, 1H) ppm; 
3 3 C-NMR (126MHz, CDC1 3 ) 6 : 142.0, 141.9, 132.5, 132.4, 132.3, 132.2, 131.7, 
131.6, 131.4, 131.2, 130.4, 128.8, 128.72, 128.67, 128.6, 127.4, 125.5, 
125. 0, 80. 29, 80. 28, 49. 3 ppm; 
IR(CHC1 3 ) v : 3359, 3061, 2992, 1556 cm -1 ; 
MS (FAB + ) : 373 (MH + , 100); 

TC^^ff. ff^fiS(for C 18 H 17 N 2 0 3 PS): C, 58.06; H, 4.60; N, 7.5; P, 8.32. 5> 
#f{i£: C, 57.78; H, 4.58; N, 7.46; P, 8.19. 

mmm 8 

(S) -N- (4 -7x=^- 1 h cr- 3 —Zfrl/- 2 — -p, p- 



fcR«K:fTV\ mmit&vo&'&tio mm t yt^mm&m i t^-r 0 1^145- 

HPLCM^# : 

*7A: 3r^/Hr/P OD-H {^^^Mt^^M) , &Wjft : n — ^ 3riJ-^/ 
2-^13^7-^=9 0/10, 1. O ml/^, ^ffl : A = 2 5 4n 

m, ft&l$RJ : (S) (^b"-^) ; 1 7 . 5 (R) Jlttft: ; 2 5. 

1 

[a] D 30 + 3 9. 1 (cl. 04, CHClj); 
'H-NMR (500MHz, CDC1 3 ) 6 : 7. 93-7. 82 (m, 4H) , 7. 53-7. 45 (m, 6H) , 7. 30-7. 26 (m, 
5H), 6.59(d, J=15.9Hz, 1H), 6. 18 (dd, J=15. 9, 6.1Hz, 1H), 4.80-4. 71 (m, 
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2H), 4. 41-4. 40 (m, 1H), 3. 94-3. 91 (m, 1H) ppm; 

,3 C-NMR (126MHz, CDC1 3 ) 8 : 135.6, 133.4, 132.5, 132.44, 132.35, 132. 0, 
131. 8, 131. 7, 131. 5, 130. 9, 128. 84, 128. 79, 128. 73, 128. 68, 128. 65, 
128.4, 126.8, 125.44, 125.39, 80.3, 51. 6 ppm; 
5 IR(CHCl 3 )v: 3371, 3031, 2993, 1554 cm"" 1 ; 
MS (FAB + ) : 393 (MH + , 25), 154(100); 

HRMS (FAB + ) ff^MC 22 H 22 N 2 0 3 P] + : 393.1368; ##Hl£: 393. 1374. 

Mm 9 



10 



N— [ 1 -7x= ;V— 2 — ~ hn^o tVl^ — P, P-v?7x^$77^fy7 



v\ mmit&voWTxTi'X'-*"- m&m (73/27) &mtc 0 nw8 3% 0 

0/1) T**SMbfc e ^^T^^V^— ^^#MS5r^ 1 t-^-To St^2 1 2 
15 -2 15t (^npjIt/l/A) . 
HPLC^fr : 

*7A: 3r^/Hr/V AD (y-r-feyMk^ttM) , 3£»*B : n — ^V/2- 
T'o/V-;l/=9 0/1 0, :1.0m 1 /ft, $|ttj : l=2 5 4nm, 

fiyWIRJ: (S) Mteffc (3tt°~^) ; 3 9. 8 (R) ; 4 3. 4 

20 

'H-NMR (500MHz, CDC1 3 ) 6 : 7.81 (dd, J=7. 5, 12. 1Hz, 2H), 7.70 (dd, J=7. 6, 
12.2Hz, 2H), 7.55(t, J=7. 2 Hz, 1H), 7. 51-7. 40(m, 3H), 7.36-7. 28(m, 5H), 
7. 15 (d, J=6.4 Hz, 2H), 4.89(dt, J=6. 7, 13.4 Hz, 1H), 4.49(dt, J=6. 9, 
10.3Hz, 1H), 4.04(dd, J=7. 3, 10. 4Hz, 1H), 1.55(d, J=6. 7 Hz, 3H) ppm;. 
25 13 C-NMR (126MHz, CDC1 3 ) 5 : 139.2, 134.0, 133.8, 133.0, 132.8, 131.72, 
131.70, 131.62, 131.57, 131.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.5, 
87.7, 87.6, 58.6, 16. 4 ppm; 
IR(CHCl 3 )v: 3381, 2991, 1554 cm-'; 
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MS (FAB + ) : 381 (MH\ 100) ; 

HRMS (FAB + ) nW-miC 2l HJi 2 0 3 ?Y: 381.1368; ftffife: 381.1365. 

%mm i o 

tert-^^/V- [ (R) -2-^hn-l-7x-/l/xf;U] t)/U/<yi—h 
5 T/^^^^m%T. t e r t—Zff-As N-^y^Uf^/V/^-h (4 1. 
1 mg, 0. 2 0 mm o 1) t (R, R) — trans — 1— [3, 5 — 
(hy7^tn^f^) y^^/Ul -3— [2— (N, N-^W^) 
^ u^3ri//U] ( 7 . 9mg, 0. 0 2 mm o 1 ) <D^t^ f- V- Is&WL 

(0. 4mL) Wfr\,*£&h— fo^ (0. llmL, 2. 0 0 mm 

10 o 1) Sr^gJ-TraiLfco 2 4 iFsIt, ^/&^i&&^/ET2g*§U #^tb/c 

^=5/1) fcTlBKU «JH^4to«rKK6«-^ISA^ LT#fc (4 5. 8mg, 
i&m 8 6%, 3fc^*fi^ 8 7 % e e ) „ ifc^ £ 3fe^#fig&i! 1 Ktf-T* MM 9 9 

-loot (n — ^-v-^/mwt^M o 

15 HPLC^ft: 

;—,V= 8 5/1 5, £f&3§ : 1 . 0 ml /ft, &m : i = 210nm, ifc}$B# 
W: (R) (£fc°-^) ; 9. 8 ft, (R) JH4flC ; 12. 1 ^. 

[a] D 30 - 2 5. 3 (cl. 2, CHC1 3 ); 
20 'H-NMR(500Hz, CDC1 3 ) 6 : 7.30-7.42 (m, 5H), 5.39 (brs, 1H), 5.29(brs, 1H), 
4.69-4.87 (m, 2H), 1. 44 (s, 9H) ppm; 

I3 C-NMR(500Hz, CDC1 3 ) 5 : 154.9, 137.0, 129.3, 128.9, 126.4, 80.8, 79.0, 
52.9, 28.3 ppm; 

IR(CHC1 3 ) v : 3442, 3027, 2981, 1713, 1557, 1164, 862, 758, 699 cm -1 ; 
25 MS (FAB*) : 267 (MH*, 100) I 

HRMS (FAB + ) : fh^fS(C 13 H I9 N 2 0 4 ), [M+H] + : 267.1345; ftVtm.: 267.1352. 
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